ELECTRO-OPTICAL MODULE 



CROSS-REFERENCE TO RELATED 
APPUCAHON 

This is a coadauation of copending International Appli- 
cation PCT/DE97/0i04L filed May 16, 1997. which desig- 
nated the United States. 

BACKGROUND OF THE INVENTION ' 

FIELD OF THE INVENTION 

The invention is in the field of electro-optical structures 
for optical systems. In particular, the invention potains to an | 
electro-optical module having an electro-optical component 
and having a receptacle for an optical fiber plug, which are 
arranged on a siog^e surface of a substrate, and having a lens 
arranged in the optical path between the component and the 
receptacle. 

• Such modules are utilized in tht transmission of signals 
6y means of optical fibers, and contain at least one con^>o- 
nent which oon^xises an electrO'<^cal transducer. An 
electro-optical transducer serves to convert optical signals 
into electrical ^gnais and/or, conversely, to convert electri- 
cal signals into optical signals. 

A module of the above-mentioned type has become 
knows from U.S. Pat No. 5337398 (European EP 0 600 
645 Al) to Benzooi et aL That module conqjtises two 
electroopdcal con^oents (laser diode and f^iotodiode) 
which are positioBed on n^tal surfaces (pads) precisely 
placed on a silicoD substrate by means of ardieatabie sendee 
When die solder is subsequently reheated (Ic, reflow), the 
con^KMieats are centered with respect to the pads because <^ 
the surface tension of the liquefied sdder; 

A multq^lici^ of alignment depressions are produced In 
the silicon material by etching into the surroundings of the 
pads, and dius in the surroundings the electro-optical 
components. It is possiUe to insert into the depressions 
aligning elements — for exan^le, aligning baUs — ^which 
cooperate widi coiresponding aligning depressions in a 
separate earner which is to be aligned precisely via the 
re^>ectivc electro-optical component. 

The carrier can carry a lens provided in the beam path 
between the coaq)oikcnt and a receptacle for an optical fiber 
plug, or can align the reoeptade directly with req)ect to the 
components. 

If the individual parts are produced with extreme 
precision, in particular the cairier. the bipartite aligning 
depressions and. if apprc^riate. the lens and/or the recep- 
tacle for the optical fiber plug, then the prior art module 
renders it possible to dispense with an active adjustment of 
the receptacle with respect to the electro-optical con4)onent 
The height of the carrier and. if applicable, the lens diameter 
are, however, design variables, which exert a considerable 
influence on the relative position of the receptacle and/or of 
the optical fiber plug with respect to the electro-optical 
con^xment in the Z-direction. The Z-direction is the orien- 
tation of the optical fiber or die direction of the beam path. 
The direct fastening, addressed in U.S. Pat. No. 5337398 
(EP 0 600 645 Al), of the receptacle on the substrate surface 
can then lead to component strains when the geometry of the 
carrier and. if applicable, of the lens does not permit the 
actual positioning of the receptacle in the Z-direction to be 
connected directly without sdrain to the substrate. 

SUMMARY OF THE INVENTION 
It Is accordingly an object of the invention to provide an 
eiectro-<^ticai module, which overcomes the above- 
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menttoiied disadvantages of the heretoforc-knowa devices 
and methods of this general type and which has highly 
precise, reproducible coupling geometries in the Z-directioa 
with as few iadividuai parts as possible. 

With the foregoing and other objects in view there is 
provided, in accordance with the invention, an electro- 
optical module, comprising: 

a substrate formed with a mounting surface; 

a receptacle for an optical liber plug defining a beam path 
substantially perpendicular to the mounting surface; 
and 

an integrated coxx4>onent unit mounted on the mounting 
surface, the component unit comprising an electro- 
optical component and a lens direcdy aligned with one 
another in the beam path between Hic electro-optical 
component and the receptacle. It is advantageous, 
thereby, that it is no longer necessary to provide the 
mounting surface with aligning structures. 
In other words, the objects of the invention are satisfied 
with an electro-optical module of the type mentioned in the 
introductioQ that has a noounting sioface &ee of aligning 
structures* and wherein the electro-optical con^oeot and 
the lens are aligned directly with one another, forming as 
integrated con^nent unit diat can be assraibled on the 
surface. 

From a productioD engineering stand^int a substanHat 
advantage of the invention consists in tiiat — apart firasa 
conductor tracks and metallizations — the surface d tbc 
substrate can remain unstructured and free from depressions. 
Consequently, the sdecticMi <^ the material for the substrate 
is not dependent on special structiuing prc|>erties — sudi a$« 
for exanq)le. in the case of die silicon substrate to be used 
in accordance with the above-mentioaed U.S. Pat. Ko. 
533739S. Rather, ttie substrate (for e:uunple. printed dicwt 
board) can be selected in an optimum fashion in accordance 
with aspects of handling, production engineering and, in 
particular, costs. 

A further substantial advantage of the invention consists 
in the fact that the suiface-mountable component unk 
formed by the electro-optical component and the lens can be 
I^oduced and tested in advance in a hig^y precise fashion. 
Subsequent assembly, affected by tolerances, of a lens 
support via an electro-optical con^xxient whldi is to be 
assembled in advance on the substrate is not required with 
the novel module. Consequently, bodi production engineer- 
ing is simplified and an additional tolerance variaUe is 
excluded. The component unit can preferably have metallic 
surfaces for direct electrical contact with die substrate. The 
reproducible accuracy in the Z-direction is determined only 
by the con^nent unit, while the substrate thickness is quite 
irrelevant in this regard. 

In accordance with an added feature of the invention, the 
receptacle is disposed so as not to touch the component unit 
the receptacle making contact with and being connected 
substantially only to the mounting surface of the substrate. 
This feature permits an embodiment that is con^etely free 
from strain and is scarcely stressed in the case of tempera- 
ture variations. 

In accordance with an additional feature of the invention, 
there is provided an electronic circuit on a surface of the 
substrate that is averted from the receptacle. Consequently, 
an electronic drive circuit (in the state of transmission) or a 
receiving or amplifying circuit can be arranged very near to 
the com^nent The signal paths are thereby shortened, and 
the vulnerability of the system is reduced. 

In accordance with another feature of the invention, a cap 
is attached directly to the mounting surface of the substrate 
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for electrically shielding the con9)onent unit This feature is 
particularly important to furUier improve the radio- 
frequency properties and the insensitivity to external distur- 
bances. ^ 
In accordance with a concomitant feature of the invention, 
the substrate forms a part of a rigid-flexible-rigid circuit 
carrier 

The design engineering is thereby sin^>iified. Mechanical 
and electrical connections are united by design in the 
flexible part of the rigid-flexible-rigid circuit carrier. 

Other features which are considered as characteristic for 
the invention are set forth in the appen/dcd claims. 

AMiough the invention is illustrated and described herein 
as embodied in an electro-optical module, it is nevertheless 
not intended to be limited to the details shown, since various 
noodifications and structural dianges may be made therein 
without departing from the spirit of the invention and within 
the scope and range of equivalents of flie daims. 

The construction and method of operation of the 
inventioa, however, togeflicr with additional objects and 
advantages thereof will be best understood &c»n die follow- 
ing desolption of spedflc embodiments when read in con- 
nection witfi the accon[^>anying drawings. 

BRIEF DESC3UPnON OF THE DRAWINGS 

FIG. 1 is a perspective view of a longitudinal section 
tlirott^ a module accofding to the invention; 

FKj. 2A is an enlarged plan view of die component unit 
atofFKj. I; 

FKj. 2B is a sectional view of the con^noit unit; and 
FK}. 3 is a partial perspective view of the substrate as part 
of a zigkMexiUe-rigjd circiiit carrier. 
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j^ < v z DESCRIPTION OF THE PREFERRED 

f^ v^ -^i^ £^ > . EMBODIMENTS 

r ^^'^^ 

, 4yRefening now to tbc figures of the drawing in detail and 
paiticularty* to FIG. 1 diereof, diero is seen an eiectro- 
qpdcal modide widi a substrate in the form of a printed 
circuit board L Among other con^x>nents. the PCB 1 carries 
on its front flat side (first surface) 2 an dectro-optical 
component 3. Indicated on die rear surface 4 of the substrate 
1 are individual electronic c(Mn4X>nents 5, 6 vMdi are 
interconnected via conductor tracks 7, and arc connected to 
coimectcx-pads 8, 9on the first surface 2 by means cf electric 
bushings (not represented in more detail) throu^ the sub- 
strate 1. The connector pads serve to make contact with the 
dectro-optical consponent 3. A flange 10 of a receptacle 12 
is supported on the same surface 2. The flange It is formed 
with a central bore 14 for receiving an <^cal fiber plug (not 
illustrated in more detail for reasons of darity). Upon 
insertion, the end face of die {dug comes to bear against a 
paitidon 16 with a central bore 17 which defines an optical 
path between the electro-optical component 3 and an optical 
fiber end held centrally in the optical fiber plug. As will 
become clear from the following, more detailed explanation, 
the con^x>nent 3 forms an integral con^nent of a compo- 
nent unit 20 mounted on the surface 2 of the substrate 1. 

The top side 22. remote from the substrate, of the com- 
ponent unit 20 is shaped as a lens (coiiq>are FIG. 2), whidi 
is thus situated in the optical path between the component 
and the recqHacle 12. The surface 2 has the pads 8, 9, and 
is otherwise not structured mechanically; in particular, it 
includes no aligning depressions for the conqx>nent unit 2#. 

As FIG. 2 shows in plan view (FIG. 2A) and in a sectional 
representation (FIG. 2B), the component unit 20 is an 



